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Appendix A 

Veneer Stability Calculations and Plots 
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Peak Shear NorrnalSeoo st- 
(Wf) 

I Lewl(sL<6oopsf) J 
125 
240 
490 
72 
144 
288 
576 

504 

80 %of Peak RecMual Shear 
Shear Stms stress Source of Data 

144 

(Psr) 

302 

101 
202 
403 

(rn 

1440 
1008 
1440 
706 

9936 
12528 

98 
138 
224 
28 
55 
111 
221 

191 

213 

148 

114 
166 
271 

386 
553 
316 
424 
279 

3708 
4737 
5826 

78.4 
110.4 
179.2 

. 22.4 
44 
88.8 
176.8 

152.8 

170.4 

118.4 

91.2 
132.8 
21 6.8 

93 
1 26 
199 
25 
50 
99 
198 

116 

39 

81 

32 
64 
1 28 

335 
498 
233 
332 
189 

MW (2ooo) 
Mw (2ooo) 
Mw (2om 

Koutsowais et al(les0) 
Bentomat (STS, l9Q8) 
Bentomat (STS, 1996) 
Bentomat (STS, less) 

Bentmat (CETCO, 
1 w  

Bentmt  (CETCO, 
1-1 

Bentomat (CETCO, 
I=) 

Bentomat (AGP, 1996) 
Bentmat (AGP, 1996) 
Bentomat (STS, 1999) 

MW Data- WovenGCL 
Bentamat (04 1992) 

Bentomat (GSC, 1998) 
Bentomat (GSC, 1998) 
Bentomat (VE, 1998) 

Bentomat (SL, 1996) 
Bentomat (SL, 1996) 
Bentomat (SL, 1996) 
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TEXTURED HDPW NON-WOVEN GEOCOMPOSITE INTERFACE DATA 

Peak Shear 80 % of Peak 
Stress Shear Stress 
(PSf) (Prn 

Normal Stress 
(Prt) 

Residual Shear 

(Psf) 
Stress Source of Data 

151 120.8 82 NW Lining - Unsaturated 

144 202 161.6 115 NW Lining - Unsaturated 

288 271 216.8 171 NW Lining - Unsaturated 

72 
144 
288 
432 
202 
504 
72 
202 
504 
504 

lo00 
lo00 
864 
1060 
lo00 
lo00 

2016 
201 6 
4000 
8ooo 
4000 
8000 

156 
196 
372 
476 
289 
499 
120 
1 82 
464 
301 

707 
651 
570 
850 
592 
517 

605 
728 

1 024 
949 

2131 
3732 
1893 
4064 

124.8 
156.8 
297.6 
380.8 
231.2 
399.2 

96 
145.6 
371 -2 
240.8 

84 
1 24 
206 

84.5 
21 1 
28.9 
81.2 
1B.6 
162 

NW Lining - Saturated 
NW Lining - Saturated 
NW Lining - Saturated 

Koutsourals et al(l990) 
Bentomat (AGP, 1996) 
Bentomat (AGP, 1996) 

CETCO (1998) 
CETCO (1998) 

Bentomat (TRI, 1997) 
Bentomat (TRI, 1997) 

Koutsourais et al(l990) 
339 Bentomat (TRI, 1997) 

422 Bentomat (AGP, 1996) 
Koutsourais et at (1 990) 

324 Bentomat (TRI, 1997) 
406 SERROT Intl. (2000) 
392 SERROT Intl. (2000) 

405.2 cmm (1 998) 

678.5 Bentomat (TRI, 1997) 
647.3 Bentomat (TRI, 1997) 
1 286 SERROT Intl. (2000) 
2152 SERROT Intl. (2000) 
1085 SERROT Intl. (2000) 
2337 SERROT Intl, (2000) 
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TEXTURED HDPUNON-WOVEN QCL INTERFACE DATA 

7 
7 

10 
7 

144 
288 
288 
100 
200 
400 
576 
576 
72 
144 
288 

72 

144 

288 

72 

202 

202 
504 
504 
504 

1003 

1008 

1008 
1008 
1008 

lo00 

io00 

1152 
1080 
2000 
2Ooo 
lo00 

1008 
1008 
1440 
1008 

2005 
4010 
5952 
2016 
2016 

4Ooo 

8Ooo 

99 
197 
233 

168 

220 

278 

120 

182 

289 
499 
464 
301 

627 

570 

850 
65 1 
517 

728 

605 

525 
650 
61 1 

677 

652 
584 
703 
929 

1253 
2506 
3719 
1024 
949 

2131 

3732 

79.2 
157.6 
186.4 

134.4 

1 76 

222.4 

96 

145.6 

231.2 
399.2 
371.2 
240.8 

501.6 

456 

680 
520.8 
413.6 

582.4 

484 

420 
520 

488.8 

541.6 

1002.4 
2004.8 
2975.2 
819.2 
759.2 

1704.8 

2985.6 
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75 
125 
230 
185 
215 
360 
150 
305 
81 
132 
1 73 

95 

130 

177 

29 

81 

84 
21 1 
170 
162 

232 

405 

422 
339 
324 

496 

392 

3w 
505 
473 
572 

490 

223 
244 
413 
328 

463 
926 
1374 
678 
647 

1286 

2152 

Bentofii 
NW lining - saturated 
NW lining - Saturated 
NW Lining - Saturated 

NW Lining - Unsaturated 

NW Lining - Unsaturated 

NW Lining - Unsaturated 

Bentomat (CETCO, 
1-1 

Bentomat (CETCO. 
1QW 

Bentomat (AGP. l m )  
Bentomat (AGP. 1996) 
Bentomat (TRI, 1997) 
Bentanat VI, 1997) 

Stark et ai (lost;) 
stark et a1 (1996) 
Starketat(1996) 

EIenlomat (TRI, i 997) 
Bentomat CRI, 1997) 
Serrot In!!. (Oakridge 

prolm 
&not Id. (Oakridge 

PrOi&) 



4000 

8Ooo 

5Ooo 
7500 
loo00 
4500 
6000 
7500 
5780 
8840 
11520 
2160 
4320 
4Ooo 
loo00 
15ooo 
7200 
loo00 
13OOO 
5760 
lo000 
5Ooo 
10000 

14 2016 
40 5760 
70 lo080 
14 2016 
28 4w2 
58 8064 
14 2018 
28 4032 
70 lo080 
28 4032 
50 7200 
70 loo80 
25 3600 
50 7200 

100 14400 
25 3600 
50 7200 

100 14400 
14 2016 
28 4032 
63 9072 
28 4032 
58 8084 
28 4032 
56 8064 
25 3600 
50 7200 
75 lo800 
14 2016 
35 5040 
35 5040 

100 14400 
150 21800 

20160 

1893 

4064 

1980 
2520 
3150 
1705 
3263 
3163 
877 
1579 
1300 
3250 
4875 
2905 
3557 
4225 
1760 
3057 
2850 
5069 
871 
2016 
3337 
1532 
2343 
3964 
1192 
2094 
4799 
1646 
2560 
3391 
1260 
2224 
4153 
1670 
2981 
5601 
995 
1646 
3274 
2062 
3942 
2124 
41 79 
1532 
2914 
4296 
1487 
3164 
2065 
5658 
8421 

6940 

1514.4 

3251.2 

1584 
2016 
2520 
1364 

2610.4 
2530.4 
701.6 
1263.2 
1040 
2600 
3900 
2324 

2845.6 
3380 
1408 

2445.6 
2280 
4055.2 

5552 

1085 

2337 

1700 
1880 
2100 
970 
940 
1140 
993 
1632 
1881 
835 
1495 
754 
t 597 
2300 

1167 
1839 
1 656 
2880 
319 
91 2 
1597 
385 
769 
1538 
436 
872 
2179 
1035 
1849 
2588 
965 
1 929 
3858 
1170 
2339 
4879 
276 
552 
1243 
804 
1 788 
975 
1951 
1032 
2065 
3097 
655 
1638 
798 
2281 
3421 

2240 

Serrot InU. (Oakridge 
Praiect) 

Semt Intl. (Oaktidoe 
p w m  

STS (10/93) 
Woven up 

CETCO (8m4) 
Wwen up 

TRI (W) 
woven up 

woven up 

Woven up 

CFTCO (-7m6) 
Woven up 

Nonwwen up 

Geosyntec (5/96); 
Nonwoven up 
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INEEL CERCLA Disposal Facility 
Final Cover - Veneer Stabillly (Statk) 
Filename = ICDF-FInalCover-Veneer.XLS M. ReimbddlSEA 
CASE 1 - Dead Load Only (Self-weight) 

Method Reference: 
Druschel, S.J.. and Underwood, E.R. (1993). 'Design of Wing and Cover 
System Sideslopes,' accepted for publlcaibn and presentation, 
Geosynthetics '93 Conference, Industrial Fabrics Association International, 
Vancouver, BC. 
The purpose of this calculation is to evaluate the factor of safety 
for the proposed configuration. Edit data in columns B-H. K B. L. 
Residual strength values will be reduced by the selected FS. The actual 
FS will be the one where the anchorage strength equals zero. 

Required Variables: 

CH2M HILL 
Geotechnlcal Engineering 

Copyright Stephen J. DruschellS92. 

H Slope Height (ft.) We Equipment Weight (Ib/ft.) 
Tc Cover Soil Thickness (ft.) S, Seepage Thickness (11.) 
y 
B slope Angle (degrees) F, Factor of Safety (unltless) 
w Soil Shear Strength Angle (degrees) Fa AnchorForoeQblft) 
S Interface Friction Angle (degrees) 

Cover Soil Totai Unit Weight (pd) yw Unit Weight of Water (pcf) (assumed at 62.4pcf) 

-22943 
-20888 
-18038 
-17364 
-15841 
-14449 
-13172 
-11995 
-10907 
-9899 
-8961 
-8087 
-7271 
-6606 
-5787 
-5112 
4476 
-3875 
-3307 
-2769 
-2259 
-1774 
-1314 
-875 
-457 
-58 
323 
688 

1037 

28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

135 
135 
135 
1 35 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 

21.8 
' 21.8 
21.8 
21.8 
21.8 
21.8 
21.8 
21 .8 
21 -8 
21 .8 
21.8 
21.8 
21.8 
21.8 
21 .a 
21.8 
21.8 
21.8 
21.8 
21.8 
21.8 
21 -8 
21.8 
21.8 
21 .8 
21.8 
21.8 
21 .a 
21.8 

40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 

38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 

1 .OO 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1-35 
1.40 
1.45 
1.50 
1.55 
1.60 
1 -65 
1.70 
1.75 
1.80 
1 .a 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 

40.00 
38.63 
37.34 
36.12 
34.96 
33.87 
32.84 
31.86 
30.94 
30.06 
29.22 
28.43 
27.67 
26.96 
26.27 
25.62 
24.99 
24.40 
23.83 
23.28 
22.76 
22.26 
21 -78 
21 -32 
20.88 
20.45 
20.04 
19.65 
19.27 

38.00 
36.65 
35.38 
34.19 
33.07 
32.01 
31.01 
30.06 
29.1 6 
28.32 
27.51 
26.75 
26.03 
25.34 
24.68 
24.06 
23.46 
22.90 
22.35 
21 .a3 
21.34 
20.86 
20.41 
19.97 
19.55 
19.15 
18.76 
18.39 
18.03 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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HEEL CERCIA Disposal Facility 
Final Cover - Veneer Stabiiity (Static w/seepage Geotechnlcal Engineering 
Filename = ICDF-FlnalCover_Veneer.XLS M. ReimboldlSEA 

CH2M HILL 

CASE 2 - Dead Load onfy +Seepage (2.5‘ = 50 height) 

Method Reference: 
Druschel. S.J., and Unclewood, E.R. (1993). ‘Design of Uning and Cover 
System Sideslopes.’ accepted for publication and presentatbn, 
Geosynthetics ‘93 Conference, Industrial Fabrics Association International, 
Vancouver, Bc. 
The purpose of this calculation is to evaluate the factor of safely 
for the propased cdnfiguratlon. Edit data in columns &H, K & L 
Residual strength values will be reduced by the selected FS. The actual 
FS will be the me where the anchorage strength equals zero. 

Copyright Stephen J. DruschelY992. 

-1 4346 
-12701 
-1 1223 
-9889 
-8677 
-7572 
-6559 
-5627 
-4767 
-3970 
-3230 
-2541 
-1 898 
-1296 
-731 
-zoo 
300 
772 

1218 
1639 
2039 
241 9 
2780 
3123 
3450 
3763 
4061 
4346 
461 9 

28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 
28 5 

1 35 
135 
135 
135 
135 
135 
135 
135 
I35 
135 
135 
135 
135 
135 
1 35 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 

21 -8 
21.8 
21.8 
21.8 
21 -8 
21.8 
21 .8 
21.8 
21.8 
21.8 
21.8 
21.8 
21.8 
21 .a 
21.8 
21.8 
21.8 
21.8 
21 .a 
21.8 
21.8 
21.8 
21.8 
21 -8 
21 .8 
21.8 
21.8 
21.8 
21.8 

40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 

38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 

1 .00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
I .65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
200 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 

40.00 
38.63 
37.34 
36.12 
34.96 
33.87 
32.84 
31 -86 
30.94 
30.06 
29.22 
28.43 
27.67 
26.96 
26.27 
25.62 
24.99 
24.40 
23.83 
23.28 
22.76 
2226 
21.78 
21.32 
20.88 
20.45 
20.04 
19.65 
19.27 

38-00 
36.65 
35.38 
34.19 
33.07 
32.01 
31.01 
30.08 
29.16 
28.32 
27.51 
26.75 
26.03 
25.34 
24.68 
24.00 
23.46 
22.90 
22.35 
21.83 
21.34 
20.86 
20.41 
19.97 
19.55 
19.15 
18.76 
18.39 
18.03 

0 2.50 
0 2.50 
0 2.50 
0 2 
0 2 
0 2.50 
0 2.50 
0 2.50 
0 2.50 
0 2.50 
0 2.50 
0 2.50 
0 2.50 
0 2.50 
0 2.50 
0 2.50 
0 2.50 
0 2-50 
0 2.50 
0 2.50 
0 2.50 
0 2.50 
0 2.50 
0 2.50 
0 2.50 
0 2.50 
0 2.50 
0 2.50 
0 2.50 
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Appendix B 

Global Stability Calculations and Plots 
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TEXTURED HDPE/ NON-WOVEN GEOCOMPOSITE INTERFACE DATA 

Peakshear 80 % of Peak 
stress Shear Stress Normal Stress 

(PO (PSft) (prsr) 

Residual Shear 
StreSS 

(PSn 
Source of Data 

Level<2000 B sL<6oopsf 72 

144 

288 

72 
144 
288 
432 
202 
504 
72 
202 
504 
504 

I 6oo<sLQoO0psf I 1296 
lo00 
lo00 
lo00 
864 
lo00 
lo00 
lo00 

High Normal Strew ILMI(sL>2,wBpcnl 
2016 
201 6 
4000 
8000 
4000 
8000 

151 

202 

271 

156 
196 
372 
476 
289 
499 
1 20 
182 
464 
301 

707 
651 
570 
850 
592 
517 
728 
605 

1 024 
949 
21 31 
3732 
1893 
4064 

120.8 

161.6 

21 6.8 

124.8 
156.8 
297.6 
380.8 
231.2 
399.2 
96 
145.6 
371.2 
240.8 

82 

115 

171 

84 
1 24 
206 

84.5 
21 1 
28.9 
81.2 
169.6 
1 62 

339 
405.2 
422 

324 
496 
392 

678.5 
647.3 
1286 
21 52 
1085 
2337 

NW Lining - Unsaturated 

NW Lining - Unsaturated 

NW Lining - Unsaturated 

NW Lining - Saturated 
NW Lining - Saturated 
NW Lining - Saturated 

Koutsourais et at (1 990) 
Bentomat (AGP, 1996) 
Ekntomat (AGP, 19%) 

CETCO (1998) 
CETCO (1998) 

Bentomat (TRI, 199' 
Bentomat (TRI, 19971 

Koutsourais et ai (1 990) 
Bentomat (TRI, 1997) 

CETCO (1998) 
Ekntomat (AGP, 1996) 
Koutsourais et al(l990) 
Bentmat (TRI, 1997) 
SERROT Intt. (2OOO) 
SERROT Inn. (2000) 

Bentomat (TRI, 1997) 
Bentomat (TRI, 1997) 
SERROT Inn. (2OOO) 
SERROT Intl. (2000) 
SERROT fntl. (2000) 
SERROT Intl. (2000) 

. - . ... .. . ._ . . - - -. . . . 
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TEXTURED HDPONON-WOVEN GCL INTERFACE DATA 

144 
288 
288 
100 
200 
400 
576 
576 
72 
144 
288 

72 

144 

288 

72 

202 

202 
504 
504 
504 

6oo*sL<2,o00psf I 
1003 

1008 

1008 
1008 
1008 

lo00 

loo0 

1152 
1080 
2Ooo 
2000 

loo0 

7 1008 
7 1008 

10 1440 
7 1008 

H i g h  Normal Stress 

2005 
4010 
5952 
2016 
2016 

40 Do 

8000 

99 
197 
233 

168 

220 

278 

120 

182 

289 
499 
464 
301 

627 

570 

850 
651 
517 

728 

605 

525 
850 
61 1 

677 

652 
584 
703 
929 

1253 
2506 
371 9 
1024 
949 

2131 

3732 

79.2 
157.6 
186.4 

134.4 

1 76 

222.4 

96 

145.6 

231.2 
399.2 
371.2 
240.8 

501.6 

456 

680 
520.8 
413.6 

582.4 

484 

420 
520 

488.8 

541.6 

1002.4 
2004.8 
2975.2 
819.2 
759.2 

1704.6 

2985.6 

75 
125 
230 
165 
21 5 
360 
150 
305 
81 
132 
173 

95 

130 

177 

29 

81 

84 
21 1 
1 70 
162 

232 

405 
422 
339 
324 

'496 

392 

390 
505 
473 
572 

490 

223 
244 
413 
328 

463 
926 
1 374 
678 
647 

1 286 

2152 

Qeasyntec (?) 

Geosyntec (?) 
CH2M HJLL (6.43) Mica 

Nonwoven up 

Bent& 
NW Lining - Saturated 
NW Lining - Salurated 
NW Lining - Saturated 

NW Lining - Unsaturated 

NW Lininp - Unsaturated 

NW Lining - Unsaturated 

Bentomat (CETCO. 
1 Q w  

Bentomat (CETCO, 

Bentomat (AGP. 1996) 
Benlwnat (AGP. 1996) 
Bentomat VRI, 1997) 
Bentomat (TRI. 1997) 

stark et al(1996) 
Bentomat (0, 

1098) 
Bentomat (AQP, 1996) 
Bentomat (TRI, 1997) 
Bentomat (TRI, 1997) 
Serrot Ink (Oakridge 

projw 
S e r a  Inll. (Oakridge 

Project) 

Geosyntec (1 1/94) 
AGP (7M) 

Geosyntec (1/97) 

CH2M HILL (7M) CHff 

Bentorre( (PL lass) 
FmlltoIml (pl tms) 

Bscllmt (osc. 1rn)  
Benloma( (GSC. 2000) 

Stark et al(1996) 
Stark et al(l996) 
Stark et al(1996) 

Bentomat (TRI, 1997) 
Bentomat (TFII, 1997) 
Serrot InU. (Oakridge 

p 4 w  
Serrot Inti. (Oakriige 

Project) 
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14 
40 
70 
14 
28 
56 
14 
28 
70 
28 
50 
70 
25 
50 
100 
2s 
50 
100 
14 
28 
63 
28 
56 
28 
56 
25 
50 
75 
14 
35 
35 
100 
150 

8ooo 

5000 
7500 
lo000 
4500 
6000 
7500 
5760 
8840 
11520 
2160 
4320 
4Ooo 
lo000 
15OOO 
7200 
loo00 
13OOO 
5760 
loo00 
5Ooo 
loo00 
2016 
5760 
lo080 
2016 
4032 
8064 
2016 
4032 
loo80 
4032 
7200 
lOoB0 
m 
7200 
14400 
3600 
7200 
14400 
2016 
4032 
9072 
4w2 
8084 
4032 
8064 
3800 
7200 
loso0 
201 6 
5040 
5040 
14400 
21600 

20160 

1893 

4064 

1980 
2520 
3t 50 
1705 
3263 
31 63 
877 
199 
1300 
3250 
4875 
2905 
3557 
4225 
1760 
3057 
2850 
5069 
871 
2016 
3337 
1532 
2343 
3964 
1192 
2094 
4799 
1646 
2560 
3391 
1260 
2224 
41 53 
1670 
2981 
5601 
995 
1646 
3274 
2062 
3942 
2124 
4179 
1532 
2914 
4296 
1487 
3164 
2065 
5658 
8421 

6940 

1514.4 

3251.2 

1584 
2016 
2520 
1364 
2610.4 
2530.4 
701.6 
1263.2 
1040 
2600 
3900 
2324 
2845.6 
3380 
1408 
2445.6 
2280 
4055.2 

5652 

1085 

2337 

1700 
1880 
2100 
970 
940 
1140 
993 
1632 
1881 
835 
1 495 
754 
1597 
2300 

1167 
1839 
1656 
2880 
319 
912 
1597 
385 
769 
1530 
436 
872 
2179 
1035 
1849 
2588 
965 
1929 
3858 
1170 
2339 
4679 
276 
552 
1243 

1788 
975 
1951 
1032 
2065 
3097 
655 
1638 
798 
2281 
3421 

aw 

2240 

TRI (W) 
woven up 

Woven up 

Woven up 

CETCO (7m) 
Woven up 

Nonmrven up 
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l?FzzEl >= 2.000 psr 

20 
14 
19 
14 
70 
142 
14 
26 
50 
20 
40 
20 
14 
20 
45 
20 
45 
20 
45 
20 
45 
20 
45 
20 
45 
20 
45 
17 
32 
75 

104 
139 
174 
20 
45 
20 
45 
20 
45 
14 
28 
58 
112 
150 
250 
400 

200 
1440 
600 
lo00 
1250 
Is00 
lo00 

3oDo 
6ooo 
goo0 
zoo0 
loo00 
7200 

2ooo 

5ooo 
loo00 
2016 
4m2 
7200 
5ooo 
IOOM) 

2880 
2016 
27s 
2016 
lOoB0 
20448 
2016 
4032 
7200 
2880 
6760 
2880 
2016 
2880 
6480 
2880 
8480 
2880 
8480 
2880 
8480 
2880 
8480 
2880 
8480 
2880 
8480 
2448 
4608 
lo800 
14976 
20016 
25056 
2880 
6480 
2880 
8480 
2880 
6480 
2016 
4032 
8084 
16128 
21600 
36ooo 
nm 

274 
1Mo 
425 
765 
942 
1130 
1310 

1740 
4820 
1745 

900 

la00 
3010 
1215 
2425 
4325 
3945 
7056 

2881 
1802 
l S 3  
1413 
so03 
s619 
1837 
3049 
4952 
3948 
5706 
35a? 
916 
1937 
3851 
1943 
3939 
1906 
3585 
2056 
3735 
1926 
3682 
2002 
3768 
1964 
3720 
2652 
4190 
8631 
7893 
9243 
10594 
1422 
2803 
1293 
2462 
1349 
2588 
1845 
2Mo 
3810 
6430 
7000 
9747 
13868 

215 

425 
024 
875 
a26 
676 

1015 
1710 
2640 
705 
1720 
965 

800 

1800 
3MO 
705 
780 
?92 
w4 
1425 

248 
1238 
251 1 
77 
155 
277 
198 
36)3 
293 
417 
405 
911 
105 
91 1 
&a 
1026 
456 
1Q28 
354 
7 s  
660 
1260 
105 
911 

1839 
2450 
3076 
716 
1618 
580 
1280 
508 
1143 
283 
587 
1 I33 
m 7  
2270 
3784 
6060 

JamesC)em2/94 
NeedlepurchedOCL 

CH2M HILL 4/94. KFLF 
Qeosyntec,m 

ST 

CH2M HILL 7M. CHLF 

Emca, 12/93 

CETCO 7195 
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Appendix C 

Site-Specific Interface Shear Strength Data and Plots 
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I S 0  9 0 0 2  

Precision Geosynthetic laboratories a 
June 8,2001 

Dear Mr. Reimbdd: RE: INEELCDF 

Thank you for consutting Precision Geosynthetic Laboratories for your material 
testing needs. 

It should be noted that the test specimen and test sample used for this report was believed 
to be representative of the material produced under the designation herein stated. 
However, these results are indicstive of only the specimens that were actually tested. The 
testing herein is based upon accepted industry practice as well as the test method listed. 
PreciSion Geosynthetic Laboratofies neither accepts responsibility for nor makes dahs to 
the final use and purpose of the material. 

By aocepting the data and results represented on this report, Client agrees to limit the 
liability of Predsion Geosynthetic Laborato&s from Client and all other parties for daims 
arising out of the use of this data to the cost for the respective test@) represented in this 
report, and Client agrees to indemnify and hold harmless Precision Geosynthetic 
Laboratories from and against all liability in excess of the aforementioned limit. 

The test data and all assodated project information provided shall be held in confidence 
and disclosed to other parties only with the authorization of Client or Prm-sion 
Geosynthetic Laboratories. 

it Os a company policy to keep the physical records of each job for 2 years since the receipt 
of the samples and keep the eledronic file for 7 years. We will dispose the samples two 
weeks after the flnal repwt is faxed to you. Should you want us to keep them for some 
period of time. please advise us immediately. 

If you have any questions or if we may be of further service, please do not hesitate to call 
at 800-522-4599. 

Sincerely. 

PRECISION GEOSYNTHETIC LBBORATORI€S 

Ed' 6 rntor 
Quality Assurance 

Endosure: (Job No. 01 0449) 

1160 North Gilbert Street, Anaheim, CA 92801, Tel # 714-520-9631, Fax # 714-520-9637 

I 
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I S 0  9 0 0 2  
I M&gg Precision Geosynthetic Laboratories a 

CUENE CHZM HILL 
PROJECT: INEEL CDF 

INTERFACE SHEAR TEST RESULTS 
(POL Job No. 010449) 

SAMPLE IDENTIFICATIONS: 

SAMPLE ID 

Operations Layer 

HDPE ~extuwi  Liner S C ~ ~ K  
HDPE Textured Liner 

HDPE Textured Uner 
Sdl Bentonite 
GCL Roll 1257 Lot 2001 1910 
DIS Geocomposite 

> 
TESTS REQUIRED: 

TEST METHOD 

A S W  06243 
ASTM 05321 

PRECISION DATE RECEIVED 
CONTROL 
NUMBER 

70871410072 !if24101 
70692 5/25/01 
70693 5/25/01 
7m94 !it25401 
70707 5/29/01 
70751 5 m 1  
70809 6/1/01 

DESCRIPTION 

Interface Shear 
Interface Shear 

ORIGIN 
OF 
MATUUAL 

GSE 
GSE 
GSE 
Sail Tech Inc. 
cetco 
GSE 

m T  CONDITIONS: The samples were conditioned for 8 minimum one hour in the laboratory at 22 t 2% (71.6 5 
3.8oF) and at 60 2 10% relative humidity prforto test. 

JEST RESULTS: 

The test results is summarized in Tables 1 through 11 . The units in which the data are reported are included 
on the tables. 

IC LABORATOFUES 

./ ,L Vice President 
Quality Assurance 

1160 North Gilbert Street, Anaheim, CA 92801. Tela 714-520-9631, Fax # 714-520-9837 
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Mr. Mike Reimbold 
CH2MIl.L 
777 108'" Avenue NE 
Bellevue, WA 98004-51 18 

Dear Mr. Reimbdd: RE: lneel CDF 

Thank you for consulting Precision Geosynthetic Laboratories for your material 
testing needs. 

It should be noted that the test specimen and test Sam le used for this report was believed 

However, these results are indicative of only the specimens that were actually tested. The 
testing herein is based upon accepted industry practice as wefl as the test method listed. 
Precision Geosynthetk Laboratories neither accepts responsibility for nor makes claims to 
the final use and purpose of the material. 

By accepting the data and results represented on this report, Client agrees to limit the 
liability of Precision Geosynthetic Laboratories from Client and all other parties for claims 
arislng out of the use of this data to the cost for the respective test(s) represented in this 
report, and Client agrees to indemnlfy and hold harmless Precision Geosynthetic 
Laboratories from and against all liability in excess of the aforementioned limit. 

The test data and all associated project information provided shall be held in confdence 
and disdosed to other parties only with the authoriza8on of Client or Precision Geosynthetic 
Laboratwies. 

to be representative of the material produced un s er the designation herein stated. 

It is a company policy to keep the physical records of each job for 2 years since the receipt 
of the samples and keep the electronic file for 7 years. We will dispose the ssmples two 
weeks after the final report Is faxed to you. Should you want us to keep them for some 
period of time, please advise us immediately. 

If you have any questions or if we may be of further service, please do not hesitate to call at 
8004224599. 

Sincerely, 

PRECISION GEOSYNTHETIC LABORATORIES 

Edith % intor 
Quality Assurance 

Enclosure: (Job No.020106) 

Vice President 

1160 Norlh Gilbert Street. Anaheim. CA 92801. i d #  714-520-9631. Fax # 714-520-9637 
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BE Precision Geosynthetic Laboratories 

CLIENT: CHZMHILL 
PROJECT: lneel CDF 

INTERFACE SHEAR TEST RESULTS 
GL Job No. 020106) 

$AMP LE IDENTIFICATIONS: 

SAMPLE ID PRECISION DATE RECEIVED 
CONTROL 
NUMBER 

3/4/02 
3/4/02 
3/4/02 

ORIGIN 
OF 
MATERIAL 

CH2MHILL . 
CHPMHILL 
CH2MHlLL 

TEST METHOD OESCRIFltON 

ASTM 05321 
ASTM D6243 

Interface Shear 
Interface Shear 

TEST CONDITIONS: The samples were mndilioned for a minimum one hour in the laboratory at 22 2 2°C (71.6 2 3.6OF) 
and at 60 2 10% relative humidity prior to lest. 

TEST RESULT& 

The’test results are summarlzed in Tables 1 through 4. The units in which the data are reported are induded 
on the tables. 

PRECISION GEOSYNTNETIC LABORATORIES 

Edith PIntor 
Quality Assurance 

/ 

Cora B. M a  
Vice President 

1160 North Gilbert Street. Anaheim. CA 92801. Tel # 714-520-9831. Fax # 714-520-9637 
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I A a u  
CLIENT: CHZM HILL 
PROJECR INEEL CDF 

INTERFACE SHEAR TEST RESULT lASTM D5321) 
POL Job No. 010448) 

QCd by: 
June 6,2001 ' 

TEST CONRGURATION #I 

TEST RESULTS: 
PEAK STRENGTH 2.0" DISPLACEMENT STRENGTH 

NORMAL 
STRESS 

@ei)m 

0.69 100. 
1.74 260 
a47 500 

s n m  PEAK SHEAR 2.0" DISPLACEMENT 
STRESS SECANT ANGLE SfRESS SECANT ANGLE 
(ped m 

197 63 
234 50 
574 49 

COHESION (psf): 83 

COEF FlCIENT OF FRICTION: 0.96 
FRICTION ANGLE (degrees): 43.8 

177 61 
268 47 
492 45 

86 
38.6 
0.80 

MOTE: The friction angles and cohesion results given here are based on mathematically determined best fit line. 

OBSERVATIONS: 
Failure occurred along the interface. See Figure #I and #Z 
No stretching, abrasion, or tearing was observed on the Geocomposite specimens. 

B Precision Geosynthetic Laboratories 
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I M L t  2. 

CLIENT: CH2M HILL 
PROJECT: INEEL CDF 

&No. 0449) 
INTERFACE SH TEST %SULT lASTM M321 k 

QC'd by; 
June 12,2001 

TEST CONFIGURATION #2 

NORMAL 
STRESS 

@ s i ) @ @  

6.94 lo00 
27.8 4ooo 
65.6 8ooo 

SHEAR PEAK SHEAR 2.0" DtSPlACEMEN7 
STRESS SEcAruTANOLE SlR€SS SECANTANOLE 
@sf) 0 

78Q 38 
m 35 
51 69 33 

COHESION (psf): 212 
FRICTION ANGLE (degrees): 32.0 
COEFFICIENT OF FRICTION: 0.62 

72l 36 
me 35 
4392 29 

385 
27.4 
0.s2 

NO= The friction angles and cohesion msub given hem are based on mathematically determined best fR  line. 

OBSERVATIONS: 
Failure occurred akmg the interface. See FIgure #I and #2 
No stretching, abrasion, or tearing was observed an the Geocornposite specimens. 

a Precision Geosynthetic Laboratories 
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TABLE 
CLIENT: CHPMHILL 

PROJECT: Ineel CDF 

INTERFACE SHEAR TEST RESULT (ASTM D 5321) 
POL Jab No. GO20106 

8-Mar42 
-~ ~~ ~~- 

TEST CONFIGURATION # 3R 

TexturedHDPE f W743S6 I 
Oeocompoatte I ciwf43n I 

t 
~ - .  

TEST CONDITIONS: 
SAMPLE PREPARATION: 
1. Specimen were cut along machine direction io 14" x t8". 

CONSOLIDATION: 
1. Each set  of specimen was consolidated under dry condition for 1 hour Q normal load before shearing. 
SHEAR TEST: 
I. Shear test was conducted Q 0.2 in/ min. 
2. Sheared @ minimum 2.0 inch horizontal displacement. 
3. The test specimens were sheared in dry condition. 
4. Test were performed in general accordance with ASTM D5321-92 

using M i d - K i l m a n  L G l  12 Direct Shear machine with effective area of 12 in X 12 in. 

TEST RESULTS: 
PEAK STRENGTH 2.0 " DISPLACEMENT STRENGTH 

Nonnal Str8ss 

(MI) (PSQ 

0.69 100 
1.74 250 
3.47 500 

SHEAR PEAK S H W  2 0  " OiSPLACEMENT 
STRESS SECANT ANGLE STRESS SECANT ANGLE 

b f l  (degr-sl (p64 (degrees) 

295 71 198 63 
450 61 261 46 
606 50 351 35 

COHESION (psf): 234.5 162.28 
COEFFICIENT OF FRICTION: 0.76 0.38 
FRICTION ANGLE(degrees}: 37.3 20.8 

NOTE: The friction angles and cohesion results given here are based on mathematically determined best fit line. 

OBSERVATIONS: 
See Figure #I and #2 
No stretching or tearing was observed with the HDPE or geocomposite specimens. 

9 Precision Geosynthetic Laboratories 
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TABLE a 
CLIENT: CH2MHlLL 

PROJECT: Ineel CDF 

Geocomposlte I -4357 l 

INTERFACE SHEAR TEST RESULT (ASTM D 5321) 
PGL Job No. GO20106 

QC’d by: 
1 1 -Mar-02 

TEST CONFIGURATION # 4R 

e--- 
-~ ~ ~~~ __I 

TEST CONDITIONS: 
SAMPLE PREPARATION 
1. Specimen were cut along machine direction to 14” x 18”- 

CONSOLIDATION: 
1. Each set of speamen was consolidated under dry condition for Ihour Q normal bad before shearing. 
SHEAR TEST 
1. Shear test was conducted @ 0.2 inl min. 
2. Sheared Q minimum 2.0 inch horizontal displacement. 
3. The test specimens were sheared in dry condition. 
4. Test were performed in general accordance with ASTM 05321-92 

using Brainard-Kilman LG-112 Direct Shear machine with effective area of 12 in X 12 in. 

TEST RESULTS: 
PEAK STRENGTH 2.0 DISPLACEMENT STRENGTH 

6.94 io00 
27.78 4000 
55.56 8000 

SHEAR PEAK SHEAR 2.0 ” DlSPUCEMENT 
SECANT ANGLE STRESS SECANT ANGLE STRESS 

(pst) (degrees) (Wf) (Cfeg-4 

73f 36 458 
2242 29 1102 
4174 28 2054 

25 
15 
14 

COHESION (p9: 258.5 214.32 
COEFFICIENT OF FRICTION: 0.49 0.23 
FRICTION ANGLE(degree8): 26.1 129 

NOTE: The friction angles and cohesion results given here are based on mathematically determined best fit line. 

OBSERVATIONS: 
See Figure #I and #2 
No stretching or tearing was observed with the HDPE or geocomposife specimens at all normal loads. 
Slight pull out of threads of the Geotextile was observed at 4WOpsf, and 80UOpsf. 

I S 0  9 0 0 2  I? Precision Geosynthetic Laboratories 
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TABLE 5R_ 
CUENT: CWMHILL 

PROJECT: lneel CDF 

INTERFACE SHEAR TEST RESULT (ASTM D 6243) 
PGL Job No. 0020106 

1 1 -Mar42 

TEST CONFIGURATION # 5R 

GCL Bentomat DN R#7096 L#200146LO ( Non- Woven) I C#74355 

I Textured HOPE 1 tX74356 

TEST CONDITIONS: 
SAMPLE PREPARATION: 
1. Specimen were cut along machine direction to 14” x 18’. 
2. Initial moisture content of the GCL is 14.97%. 

HYDRATION I CONSOUDATION: 
1. Each set of specimen was hydrated and consolidated for 24hrs Q normal load before shearing. 

SHW TEST: 
1. Shear test was conducted f@ 0.04 
2. Sheared Q minimum 2.0 imh horizontal displacement 
3. 7he test specimens wem sheared in drained condition. 
4. Test were performed In general accurdance with ASTM 06243-98 

in/ min. 

uskrg Btainard-Kilman LG-I12 Dired Shear machine with effective area of 12 in X 12 in. 

TEST RESULTS: 
FINAL MC PEAK STRENGTH 2.0 ” DISPLACEMENT STRENGTH 

GCL 
SHEAR PEAK SHEAR 2.0 a DISPLACEMENT 

Normal Stress STRESS SECANT ANGLE STRESS SECANT ANGLE 
(psi) 0 % w (degrees) mf) (de-) 

0.69 100 102.02 221 
1.74 250 83.18 366 
3.47 500 82.51 554 

66 
56 
48 

171 
277 
389 

60 
48 
38 

COHESION @sf): I 46.8 127.39 
COEFFICIENT OF FRICTION: 0.82 0.54 
FRlCnON ANGLE{degrees): 39.5 28.2 

NOTE: The fridion angles and cohesion results given here am based on mathematically determined best fit line. 

OBSERVAT1ONS: 
See Figure #I and #2 
No stretching or tearing was observed with either the GCL or HOPE specimens at all normal loads. 
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TABLE 
CLIENT CWMHILL 

PROJECT: Ineel CDF 

JNTERFACE SHEAR TEST RESULT (ASTM 0 6243) 
PGL Job No. GO20106 

QC'd by: 
1 1 -Mar-02 

TEST CONFIGURATION # 6R 

~ 

GCL Bentomat DN WOO6 WOO146LO (Non- Woven) I W74355 

TexturedHWE I -4356 

t 

TEST CONDITIONS: 
SAMPLE PREPARATION: 
1. Specimen were cut along machine direction to 14" x 18". 
2. Initial moisture content of the GCL is 14.97%. 

HYDRATION I CONSOLIDATION: 
1. Each set of specimen was hydrated and consolidated for 24hrs Q normal load before shearing. 

SHEAR TEST: 
1. Shear test was conducted @ 0.04 
2. Sheared @ minimum 2.0 inch horizontal displacement 
3. The test specimens were sheared In drained condition. 
4. Test were performed in general accordance with ASTM 06243-98 

in/ min. 

udng Brainard-Kllrnan LGl12 Direct Shear machine with effective area of 12 in X 12 in. 

TEST RESULTS: 

FINAL MC . PEAK STRENGTH 2.0 " DISPLACEMENT STRENGTH 
GCL 

SHEAR PEAK SHEAR 2.0 " DISPLACEMENT 
Normal Stress STRESS SECANT ANGLE STRESS SECANT ANGLE 

(psi) (M ./. (m (degrees) (ps9 (deg-1 

6.94 lo00 78.25 1053 
27.78 4000 52.44 2452 
55.56 8000 61.19 451 3 

46 687 
32 1587 
29 2267 

34 
22 
16 

COHESlON (psf): 525.9 548.62 
COEFFICIENT OF FRICTION: 0.50 0.22 
FRICTION ANGlE(degrees): 26.4 12.6 

NOTE: The ftictian angles and cohesion results given here are based on mathematically determined best lit line. 
OBSERVATIONS: 

See Figure #f and #2 
No stretching or tearing was observed with either the GCL or HDPE specimens at all normal loads. 
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TABLE 7. 

PROJECT: INEEL CDF 
CLIENT: CHZM HILL 

RESULT IASTM 062431 

QC'd by: A h L  
June 8.200l" 

c I 

TEST CONDITlONS: 
SAMPLE PREPAIZATION: 
1. SpedmaremKadW-dkactkn t a 2 r X 2 v .  
HYDRATION: 
¶. GCLopccimcnswere )rydrated for 24haurs at normal bad. 
CONSOLIDATION: 
1. Eacheddspecimnwes~ateduderdnlnedcondltion br15rnbr atnonn~I&edbefwmsbwhg. 
SHEAR TEST: 
1. #eartsstwasoonduotedato.o4brlmin. 
2 ~ a t m i n h u r n 2 0 ~ ~ ~ ~  

Th6testopeClmenaWer~~Indrelnedcandltan. 
WW moietwe content ofthe oc1was ?7.6%, awlthe Rnat were 65.396,622%, and 620% at narmal loa& of loopsf. 25opsl, and Wapgf 

-* 

5. Ted8 wen performed in general cocardancewith ASTM D6243-98 
8t'eWd- KHmw L E 1  12 Mred S h r  machlnowith effedva zuea of%? h x 12 h 

T€ST RESULTS: 
PEAK STRENGTH 2.0" DISPIACf3WENf STRENQTH 

NORMAL 
STRESS 
m o  

6.88 100 
1.74 250 
3.47 500 

SHEAR PEAK SHEAR 2.0" DISPLACEMENT 
STRESS 8EcANTANoLE STRESS SECANTANOLE 
0 w 

69 36 
187 34 
328 33 

34 19 
128 27 
260 27 

COHESlON (psf): 6.5 
FRICTION ANGLE (degrees): 32.7 
COEFFICIENT OF FRICTION: 0.64 

NOTE: The friction angles and cohesion results given here are based on mathematically determined best fit line. 
~~ 

OBSERVATIONS: 

No stretching, 
1nterfam-m Flgure #l and W 

r tearing was observed on either the geocomposge, or the GCL specimens. 
1 8 0  9 0 0 2  
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TABLE 8. 

CLIENT CHZM HILL 
PROJECT INEEL CDF 

(POL J 
INTERFACE SHEAR TEST RESULT (ASTM 062431 

ob No. OW449) 
QC'd by: 
June 7,2001 

TEST CONFIGURATION #I8 

NORMAL 
STRESS 

@ d ) w  

6.M 1004 
27.8 4ooo 
56.6 8aM) 

SHEAR PEAK SHEAR 2.0" DISPLACEMENT 
STRESS SECANTANOLE mREss SECANTANOLE 
@sl) 0 

500 30 
18S8 25 
3883 26 

COHESlON (psf); 82 
FRICTION ANGLE (degtees): 25.1 
COEFFICIENT OF FRiCTION: 6.47 

456 25 
1654 22 
3309 22 

39 
22.2 
0.41 

NOTE The friction angles and cohesion results given hem are based on mathematically determined best fit line. 

OBSERVATIONS 

Stretching, a 
See figure #I and #2 

was observed even at low load of 1000 psf. The degree of deformation is more 

Is0 9 0 0 2  
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24HLD 
CLIENT: CH2M HILL 
PROJECT: INEEL CDF 

INTERNAL SHEAR TEST RESULT (ASTM 6243) 

A JobNo. 010449) 
QC'd by: 
June 6,2001 ' 

TEST CONFIGURATION #9 

TEST RESULTS: 
PEAK STRENGTH 2.0" DISPLACEMENT STRENGTH 

NORMAL SHEAR PEAK SHEAR 2.0" DISPLACEMENT 
STRESS STRESS SECANT ANGLE STRESS SECANTANOLE 

@st) (psf) _-_. . . --0 mt) .~ 

8.M loo0 
27.6 4om 
55.6 801K) 

1297 52 
2473 32 
3Q89 21 

COHESION (psf): 1207 

COEFFICIENT of: FRICTION: 0.25 
FRICTION ANGLE (degrees): 4 3.9 

608 31 
1832 25 
2807 19 

404 
17.2 
0.31 

NOTE: The friction angles and cohesion results given here am based on mathematically determined best fit line. 
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TABLE10R 
CUENT: CHZMHIU 

PROJECT: INEEL CDF 

INTERFACE SHEAR 7EST RESULT (ASTM D6321) 
POL Job No. GOlO4r19 

1 &Jun-01 

TESTCONFIGURATION # 1OR 

I I 

TEST CONMTIONS: 
SAMPLE PREPARATION: 
1. Specimen were cut a h g  machine direction to 14" x 18". 
2. Soil was compacted to 

CONSWDATION: - .  
1- Each set of specimen was consolidated under wet condition ( sprayed with water), for 15 min @ normal load 

SHEARTEST: 
1. Shear test was conducted @ 0.04 
2. Sheared @ minimum 2.0 inch horizontal displacement 
3. The test specimens were sheared in w& condition( sprayed with water). 
4. Test w e  pertomred in general acctxdance with ASTM 05321-92 

102.0 pcf Q 17.2 % moisture content. 

before shearing. 

In/ min. 

using Brainard-Kilman LO112 Direct Shear machine with effective area of 12 in X 12 in. 

TEST RESULTS: 

P E A K S T R E "  2.0 " DISPLACEMENT STRENOTH 

0.69 100 nla 10.4 1 97 63 193 
1.74 250 nla 18.2 274 48 272 
3.47 500 n/a 18.2 462 43 430 

COHESION (psf): 120.7 
COEFACLWUT OF FRICTWN: 0.67 
FRICTION ANGLE(dagmes): 33.8 

63 
47 
41 

129.3 
0.60 
30.8 

NOTE: The friction angles and cohesion results given here are based on mathematically determined best fit line. 

OBSERVATIONS: 
- 

See Figure #1 and #2 
or tearing was observed on the HDPE specimens. 
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TABLE 11R 
CLIENT: CH2MHIL.L 

PROJECT: INEEL CDF 

.-- 

INTERFACE SHEAR TEST RESULT (ASTM D 5321) 
POL Job No. GO10449 

I WBtntonlte I -0707 I 
I 

I 
t 

_ _ ~  ~~~~ 

TEST CONDITlONS: 
SAMPLE PREPARATION: 
1. Specimen were cut along machine direction to 14" x 18". 
2 Soil was compacted to 1020 pcf e17.696 moisture content 
CONSOUDATION: 
1. Each s6t of specimen was consolidated under wet condition( sprayed with water) for 15 min @ normal load 

Ww3TEsT: 
1. Shear test was conducted Q 0.04 
2. Sheared @ minimum 2.0 inch horizontal displacement 
3. The test specimens w e  sheared in wet ( sprayed with water) condition. 
4. Test w e  perfarmed in qeneral accordance with ASTM D5321-02 

before shearing. 

in/ min. 

-@ngBrainard-KIlman L G l  IzQr& Shear machine with eff-dive area of 12 in X 12 in. 

TEST RESUlTS: 

PEAK STRENQTH 2.0 DISPLACEMENT SfRENOTH 

8.94 1000 da 19.5 590 31 555 
27.78 4000 nla 19.8 2280 29 2221 
55.56 8O00 n/a 10.2 4552 30 4374 

29 
29 
29 

COHESION (pef): 13.0 20.9 
COEFFICIENT OF FRICTION: 057 0.55 
FRlCTlON ANOLE(degree8): ZQ.5 38.8 

NOTE: The fridion-an-gles and cohesion results given here are based on mathematically determined best fit line. 

OBSERVATIONS: 
See Figure #l and WL 
No stretching, or tearing was observed on the HOPE specimens. 
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